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up6n the readjustment of the soft parts of the 
animal. 

Jaworski evolves and develops another 
theory of phylogenetic relationship which 
seems so untenable that it may be disregarded 
— namely that the strongly plicated oysters 
such as the Ostrea edulis are the descendants 
of the strongly plicate Gryphmas of the Meso- 
zoic. The surface sculpture is not a funda- 
mental character among the oysters and there 
is no reason to search for its cause in distant 
ancestral relationships. Eegarding the phy- 
logenetic significance of Heterostrea stein- 
manni it would seem that it was an entirely 
too specialized form to have given rise to the 
subsequent Ostrea stock. 

J. A. Gardner 

Johns Hopkins University, 
Baltimore, Md. 



SPECIAL ARTICLES 
THE CHEMICAL DYNAMICS OF LIVING PROTOPLASM 

Van't Hofp's formulation of the laws of 
chemical dynamics has proved so stimulating 
to various fields of chemistry that it may be 
expected to be similarly useful if it can be ap- 
plied to the activities of living protoplasm. 

The writer finds that by measuring the elec- 
trical resistance of living tissues it is possible 
to follow the progress of reactions in proto- 
plasm in the same way that van't Hoff fol- 
lowed the progress of reactions in vitro. It 
therefore becomes possible to apply van't 
Hoff's methods and formulas directly to proto- 
plasm in its living and active condition. The 
following example will suffice to show how this 
may be accomplished. 

The electrical resistance of living tissue of 
the marine alga Laminaria was measured by 
a method which has been previously described. 1 
The tissue had in sea-water a resistance of 
980 ohms. 2 On being placed in NaCl .52M 
(which had the same conductivity as sea- 
water) the resistance fell after 10 minutes to 
855 ohms and after 20 minutes to 745 ohms: 
it continued to fall rapidly and finally became 

i Science, N. 8., 35: 112, 1912. 

2 If left in sea-water this resistance is main- 
tained for a long time. 



stationary at 320 ohms. This represents the 
death point. The total change produced by the 
NaCl was 980-320 = 660 ohms. 3 In order to 
find out whether this change had been pro- 
duced in such a way as to correspond to a 
known type of chemical reaction the amount 
of change was measured at brief intervals. 
The results are given in Table I. 
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a = total change = 980-320 = 660 ohms. 
Temperature 18.5° C. 

According to van't Hoff we can determine 
from such measurements whether one, two or 
more substances are taking part in the reac- 
tion. If only one substance takes part (or 
if two substances take part but only one of 
them changes its concentration noticeably) 
the reaction is said to be of the first order 
(monomolecular) and it proceeds according to 
the formula 

, 1 . a 

h = - log — — , 

t a — x 

in which t is the time which has elapsed be- 
tween the beginning of the reaction and the 
taking of the measurements, x is the loss in 
3 The fact that this action of NaCl may be an- 
tagonized by CaCl 2 does not affect the subsequent 
discussion. 
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resistance at the time t, a is the total amount 
of change in resistance when the reaction is 
completed and h is a constant (called the ve- 
locity constant) which indicates the speed of 
the reaction. If the reaction is of the first 
order (monomolecular) h should come out con- 
stant provided the temperature he kept con- 
stant during the reaction. 

In this case a, which represents the total 
amount of change, is 980 — 320 = 660 ohms, 
while x represents the loss of resistance after 
10, 20, 30 minutes, etc. In the calculations 
common logarithms have been employed. It 
will be seen from the table that h is nearly 
constant: the variations are no greater than 
are commonly found in measuring chemical 
reactions in the test tube. 4 It is probable that 
they would have been smaller if the tempera- 
ture could have been kept perfectly constant. 

The simplest interpretations of this are as 
follows. We may suppose that the NaCl re- 
acts with some one substance in the proto- 
plasm but that so little of the NaCl is used up 
that its concentration changes but slightly. 5 
It can be shown by analytical methods that 
the concentration of the NaCl suffers but little 
change. In all of the experiments more than 
1,200 c.c. of Nad MM were employed to 
10 c.c. of tissue. 

It should be added that if a series of reac- 
tions is involved what we measure is practi- 
cally the rate of the slowest of the series. 

* The most constant value of & is obtained when 
the material is sound and is taken directly from 
the oeean just before the beginning of the ex- 
periment. The temperature should not be al- 
lowed to rise much above that at which the plants 
have been growing. The fronds should be neither 
too old nor too young, and should not have repro- 
ductive organs. Fronds should be selected which 
have the meehanical properties requisite to cause 
the disks to lie flat in the apparatus when it is 
closed, but to separate spontaneously when it is 
opened. Failure to Tealize these conditions, as 
well as other imperfections in technique, may 
produce irregular fluctuations in the value of Tc. 

t> This applies as well if we suppose that the 
NaCl in uniting displaces some other substance 
(e. g., CaCl 2 ) provided the latter is not allowed 
to accumulate too much in the solution. 



An alternative interpretation is that the 
loss of resistance is due to the spontaneous 
change of some one substance in the proto- 
plasm, a process which goes on with extreme 
slowness until catalyzed by the NaCl. This 
view is of great interest because it implies 
that the process of death is always going on 
even in a healthy and growing cell. 

If we suppose the NaCl to act as a catalyzer 
it may be that the reaction which it accele- 
rates is the hydrolysis of some substance in 
the protoplasm. This would behave as a reac- 
tion of the first order since the concentration 
of neither the NaCl nor the water would 
undergo much alteration. The reaction might 
be compared to the hydrolysis of cane sugar 
(when catalyzed by acid) which behaves as a 
reaction of the first order. 

On this view death would be due to the 
hydrolysis of some substance (probably pro- 
tein) in the protoplasm. There is a variety 
of evidence that death is accompanied by such 
hydrolysis. 

We should not overlook the possibility that 
the opposite process (dehydration) would give 
quite the same result. Death is often ac- 
companied by the coagulation of certain pro- 
teins. According to some authors coagula- 
tion involves dehydration while according to 
others it is a process of hydrolysis. 6 

We may now consider other possible sug- 
gestions. One is that the progress of the re- 
action is determined not by the number of 
substances taking part but by diffusion. The 
NaCl 5 diffuses inward (and the other salts 
outward) rapidly at first, then more and more 
slowly, thus affording a certain likeness to 
the curve of a reaction of the first order. The 
incorrectness of this interpretation is shown 
by a study of the temperature coefficient. The 
temperature coefficient of diffusion is low, the 
increase in the rate of diffusion being less than 
30 per cent, for an increase of 10° C. The 
increase in the velocity of the reaction of 
NaCl with living protoplasm amounts to over 
150 per cent, for an increase of 10° O, which 

8 The addition or splitting off of H ions would 
also behave as a reaction of the first order. 
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shows clearly that we are dealing with a chem- 
ical reaction. We must, therefore, exclude 
the interpretation that diffusion is the deter- 
mining factor. 7 

Another suggestion is that the result is due 
merely to the fact that the majority of the 
cells are more accessible to the reagent or less 
resistant to it than the rest, so that more cells 
are killed in the first minute than in the sec- 
ond and so on. But if this were the case we 
could not, after a lapse of ten minutes (when 
the loss of resistance already amounts to 125 
ohms), restore the tissue to its initial resist- 
ance by replacing it in sea-water. This can 
be done and there is no evidence that the tissue 
is in any way injured by such treatment with 
Nad. 8 The same piece of tissue may be 
treated with NaCl (for five minutes) and re- 
placed in sea-water several times each day for 
ten days in succession without showing any 
sign of injury. 9 

This leads us to the following conclusion. 
Since the effect of NaOl is within wide limits 
completely reversible, without production of 
injury, the conception of the chemical dynam- 
ics of living protoplasm here developed applies 
not only to reactions which produce death "but 
also to reactions which involve no injury and 
which form a normal part of the activity of 
the cell. This conclusion is fully confirmed 

7 There are other important reasons opposed to 
the suggestion that diffusion is the determining 
factor. One of these is the length of time re- 
quired for the process. If tissue is transferred 
from sea-water to sea-water diluted with one or 
two volumes of distilled water, there is a change 
of resistance which continues until equilibrium 
has been restored by diffusion. This process at 
18° 0. does 1 not take more than ten minutes, 
whereas nearly three hours would be required for 
the reaction with NaCl which we have been meas- 
uring. 

« This and other experiments show that the in- 
crease in the conductivity of the protoplasm is not 
to be attributed to an increase in the concentra- 
tion of electrolytes within the cell but rather to a 
decrease in the viscosity of the protoplasm (or to 
an increase in some other factor which facilitates 
the passage of ions). 

a Science, N. ■&., 36: 350, 1912. 



by experiments with a variety of other sub- 
stances. W. J. V. Osterhout 
Laboratory of Plant Physiology, 
Harvard University 



THE AMERICAN ASSOCIATION FOS TEE 
ADVANCEMENT OF SCIENCE 

section h — anthropology and psychology 

At the recent annual meeting of the American 
Association for the Advancement of Science held 
at Atlanta, Georgia, December 29 to January 2, 
Section H — Anthropology and Psychology — par- 
ticipated in four sessions. Tuesday afternoon was 
devoted to a "general interest" session at which 
Professors Max Meyer" and Laghtner Witmer 
spoked Wednesday morning was given over to a 
joint meeting with the Southern Society for Phi- 
losophy and Psychology; Thursday morning to a 
joint session with Section L — Education, and 
Thursday afternoon to a joint session of all three 
of these organizations. In all some twenty-two 
papers were presented. 

The following officers were elected: Vice-presi- 
dent of the Association and Chairman of the Sec- 
tion, Dr. Clark Wissler, of the American Museum 
of Natural History; Member of the Sectional 
Committee (to succeed Dr. G. A. Dorsey), Pro- 
fessor Lightner Witmer, of the University of 
Pennsylvania; Member of the Council, Professor 
Max Meyer, of the University of Missouri; Mem- 
ber of the General Committee, Professor L. E. 
Geissler, of the University of Georgia. 

The following .twelve papers were presented 
under the auspices of Section H: 

The Present Problems of Physiological Psychol- 
ogy: Max Meyer!. 

Psychologists generally are beginning to realize 
that the study of consciousness is only a second- 
ary, an auxiliary branch of psychology. But it 
is a mistake to think that psychology can be de- 
fined simply as the study of behavior. The study 
of plant behavior is the business of the botanist. 
Nothing forbids, of course, interest in plant be- 
havior on the part of the psychologist save com- 
mon sense, which would call a man a botanist if he 
is more interested in plant behavior than in hu- 
man life. In a similar way the study of animal 
behavior must be regarded as primarily the task 
of the zoologist. And the study of human be- 
havior seems to be largely the province of the 
sociologist (including under "sociology" as a 
special branch the science of education). Is then 



